One in every 3600 Canadian children is born with cystic fibrosis (CF). 1 CF is characterized by the dysfunction of the CF transmembrane regulator chloride channel and by abnormal inflammatory signaling, 2, 3 excessive inflammatory responses, 4 and impairment in the resolution of inflammation, 5, 6 leading to diminishing lung function and increased mortality. Infections with respiratory viruses (eg, influenza and rhinoviruses) are associated with exacerbation of pulmonary problems, disease progression, and increase in bacterial adherence in CF airways, which predisposes to secondary bacterial infection. [7] [8] [9] [10] Once infected with respiratory viruses, children with CF are affected for longer periods and more severely than healthy children. 11 During the influenza pandemic, patients with CF had an increased morbidity and a higher case fatality compared with patients with other chronic respiratory diseases or to healthy control subjects. 12 Of all respiratory viruses, influenza is, however, the only one that is currently vaccinepreventable.
In 2011 Flumist, a live-attenuated influenza virus vaccine (LAIV) administered by intranasal spray, was approved for use in Canada in individuals aged 2 to 59 years. The intranasal route of administration of LAIV directly stimulates mucosal immunity. Four trials in children and/or adolescents showed that LAIV reduced the risk of influenza by nearly half compared with the trivalent inactivated influenza vaccine (TIV). 13 The Canadian National Advisory Committee on Immunization therefore recommended that LAIV be used preferentially for healthy children and adolescents 14 and could also be used for children with chronic diseases. 13 However, given CF' s increased inflammatory response and results from an earlier trial 15 that reported an increased risk of wheezing after LAIV in asthmatic patients, there is a need to know if the greater efficacy of LAIV is outweighed by severe adverse events after immunization (AEFI) such as respiratory deteriorations.
Our primary objective was to determine LAIV' s safety in children and adolescents with CF by comparing incident respiratory deteriorations during atrisk and non-at-risk periods after immunization.
METHODS

Study Design and Patient Population
After obtaining informed consent, a cohort of children with CF aged 2 to 18 years vaccinated with LAIV through the regular process of care between October 1, 2012, and January 30, 2013, was followed prospectively for 56 days after the first dose of LAIV in 3 participating pediatric CF clinics across the province of Quebec. There was no concomitant vaccine administered.
Research nurses were responsible for participants' recruitment and medical record review. Parents and participants completed a daily diary of symptoms for the 56 days after LAIV and recorded any treatments, medical consultations, or hospitalizations. Phone follow-up was done on days 1, 7, 14, 21, 28, 42 , and 56 to collect data entered in diaries. Hospitalizations were also identified through CF clinic nurses and by review of medical records. The research ethics boards of the 3 participating hospitals approved this study.
Inclusion and Exclusion Criteria
Children on systemic corticosteroids, those with a medically attended wheezing episode in the 7 days before vaccination, patients ,2 years of age, those with nasal polyps or rhinorrhea considered too significant (by the vaccinator) to allow LAIV to reach the nasal mucosa, and patients who were considered immunosuppressed were not eligible for LAIV vaccination and study inclusion 16 but received TIV through the regular process of care. All patients who received TIV were excluded from the analyses.
Surveillance Period
Days 0 to 28 post-LAIV (29 days) were considered the at-risk period and days 29 to 56 (28 days) the non-at-risk period for all outcomes of interest. 15 The same methodology was used to follow-up participants during the entire study.
Outcomes
The primary outcome was respiratory deteriorations resulting in either an unscheduled medical visit or a hospital admission. Secondary outcomes included incident oral antibiotic use for respiratory complaints, used as a proxy for respiratory deterioration, 17 all-cause hospitalizations, and occurrence of respiratory (rhinorrhea and nasal congestion, cough, upper respiratory tract infection, bronchospasm, pharyngitis) and/or systemic adverse events (fever, malaise, headache, vomiting, abdominal pain) for the 56 days after LAIV administration. 18, 19 These symptoms are part of the standard assessment of serious adverse events of the Public Health Agency of Canada. 20 
Statistical analysis
Analyses of primary and secondary outcomes were conducted using Poisson regression. 21 AEFI rates were expressed as self-controlled incidence rate ratios (IRRs) 22 comparing incidence of outcomes during at-risk (days 0-28) and non-at-risk (days 29-56) periods. Because information on the exact duration of all-cause hospitalizations was not available, we subtracted 14 days for each hospitalization 23 (as time not at risk) from the denominators of the IRRs. No time was subtracted from the denominators of the IRRs describing incident oral antibiotic use. We conducted an exploratory sensitivity analysis to compare the incidence of all-cause hospitalizations using an analogous nonat-risk 28-day period in the preceding year (October 15-November 12, 2011).
Furthermore, we compared the proportion of reported symptoms experienced at least once in either study period using risk ratios (RRs) and 95% confidence intervals (CIs). These outcomes were stratified by age (,9 and $9 years) based on current Canadian immunization guidelines 13 that recommend 2 doses of influenza vaccine in the first year of vaccination in children aged ,9 years and 1 dose of influenza vaccine in children $9 years, regardless of influenza vaccination history, because most will have an appropriate vaccine response to a single dose by this age. Outcomes were also stratified by use of inhaled antibiotics (marker for colonization with Pseudomonas aeruginosa) and azithromycin (used as a chronic antiinflammatory agent) at baseline. All statistical analyses were conducted by using Stata SE version 11.
RESULTS
Study Population
Overall, 185 of 377 (49%) children with CF followed in the 3 participating clinics were recruited: 54 of 77 (70%) patients from the Montreal Children' s Hospital; 57 of 180 (32%) from the CHU SainteJustine; and 74 of 120 (62%) from the CHU de Québec. Of the 185 recruited participants, 17 received a dose of TIV in their local public health clinic and were subsequently excluded from the analyses. There was no loss to followup. In total, 4872 person-days at risk and 4704 person-days non-at-risk were recorded. Only 2 of 168 participants needed and received a second dose of LAIV from their CF clinic. Study participants' baseline characteristics are described in Table 1 . Sixty subjects (35.7%) were ,9 years of age. At baseline, 18.5% (31 of 168) of study participants used inhaled antibiotics, 3.0% (5 of 168) used oral azithromycin, and 37.5% (63 of 168) were taking inhaled and/or nasal corticosteroids.
Primary and Secondary Outcomes
Primary Outcome
There was no significant difference in the rate of incident respiratory deteriorations or all-cause hospitalizations during the at-risk period compared with the non-at-risk period. Seven respiratory deteriorations were reported, all requiring hospitalization: 3 in the atrisk (days 0, 7, 26) and 4 in the nonat-risk period (days 35, 41, 42, 50; IRR 0.72; 95% CI 0.11-4.27). Influenza virus was not detected in any case of respiratory deterioration. Figure 1 details dates of vaccination and influenza activity in the province.
Secondary Outcomes
Two oral antibiotic treatments were initiated during the at-risk period, compared with 6 during the non-at-risk period for respiratory complaints (IRR 0.32; 95% CI 0.03-1.80). Eleven all-cause hospitalizations occurred: 6 during the at-risk and 5 in the non-at-risk period, (IRR 1.16; 95% CI 0.30-4.81). Details on reasons for hospitalizations and antimicrobial prescriptions are given in Table 2 . For the same cohort of patients, 5 all-cause hospitalizations were recorded for the 28-day sensitivity analysis control period in the previous year (IRR 1.16).
Reported Solicited Symptoms
The proportion of solicited symptoms reported during the at-risk and non-atrisk periods are detailed in Table 3 . Overall, 64% of participants (107 of 168) experienced at least 1 solicited symptom in the first week after vaccination. Except for respiratory deteriorations, none of the reported solicited symptoms required hospitalization. Only 1 participant had an unscheduled medical visit for joint pain that started Table 3 ), and the greatest number of febrile children was observed on day 4 postvaccination (n = 42, 25%), with a maximal temperature of 39.6°C. The majority of febrile episodes (58 of 92; 55%) lasted only 1 day. During the at-risk period, participants aged ,9 years were more likely to experience runny nose and vomiting compared with participants aged $9 years. Thirteen of 15 participants who reported redness in both eyes did so during the first 3 days after LAIV. Ten participants reported facial swelling during the first 3 days after LAIV.
Wheezing was more likely to be reported during the at-risk period (RR 4.33; 95% CI 1.26-14.93), with the highest reported incidence (9 of 168) on the day of vaccination (Fig 3) . None of the participants who reported wheezing on day 0 reported wheezing on any other day during the study period; 7% (13 of 168) of participants reported wheezing at least once during days 0 to 6 after vaccination with LAIV, and no wheezing was reported beyond the first week after LAIV during the at-risk period. There were no statistically significant differences between those who reported and did not report wheezing during the atrisk period. The RR of wheezing in those on and not on inhaled corticosteroids was 0.23 (95% CI 0.03-1.75; Table 4 ). Only 2 study participants had a history of allergic bronchopulmonary aspergillosis (ABPA), a common cause of wheezing in patients with CF. 24 One participant was receiving antifungal treatment at the time of vaccination, and we had no information on ABPA treatment of the other.
Regardless of inhaled corticosteroid use at baseline, there was a similar increased risk of worsening of cough during the at-risk period compared with the non-at risk period: RR 
DISCUSSION
Previous clinical trials and observational studies did not explore the safety of LAIV in a pediatric population with CF. In our pediatric population with CF, there was no increased incidence of respiratory deteriorations and all-cause hospitalizations when comparing the at-risk and non-at-risk periods. None of the hospitalizations were considered associated with LAIV vaccination. Two participants were prescribed antibiotics during the at-risk period representing 1.2% over a 1-month period. Our results are much lower compared with proportions previously reported (40% of participants needing antimicrobial agents over a 6-month period, or 6.7% per month 17 ).
A greater proportion of study participants reported experiencing an AEFI during the at-risk compared with the non-at risk period, with the majority reporting symptoms in the week after vaccination. In our population, 64% of participants reported at least 1 symptom in the first week after vaccination, with the overwhelming majority not needing medical attention. This proportion is similar to that reported after TIV: 15 of 21 (71%) participants with CF vaccinated with TIV reported at least 1 systemic AEFI in the 5 days after vaccination. 25 Participants on nasal corticosteroids seemed to have a lower risk of developing a runny nose and nasal congestion after LAIV. However, given our small sample size, the CIs around the RRs for participants on and those not on nasal corticosteroids at baseline were not statistically significantly different. Inhaled corticosteroids at baseline did not modify the risk of AEFI and were a particularly important factor to analyze because their use is a contraindication to LAIV vaccination in most jurisdictions. 26 Participants reported more wheezing during the at-risk period, mainly on the day of vaccination. There was no episode of wheezing beyond the first week after LAIV, and these episodes did not lead to unscheduled visit, hospitalization, or prescription of oral antimicrobial agents. We did not have information on non-medically attended wheezing episodes that occurred before vaccination; some episodes of wheezing occurring on day 0 may have therefore been prevalent rather than incident. We know, however, that none of the included participants had a medically attended visit for wheezing in the 7 In our study cohort, 9% of participants reported redness in both eyes and difficulty breathing; 6% reported facial swelling. Most of these symptoms Number of participants reporting redness in both eyes: 9 on day 0, 3 on day 1, 1 on each day 3, 4, and 6; 9 participants reported facial swelling on day 0 and 1 on day 3. a Symptom dichotomized as ever/never experience during at-risk and non-at-risk periods. b Comparing at-risk versus non-at-risk periods
FIGURE 2
Number of Febrile Children per Study Day. Note: fifty-eight episodes of 1-day fever, 20 episodes of 2-day, 7 episodes of 3-day, 2 episodes of 4-day, 3 episodes of 5-day, and 2 episodes of 6-day fever.
occurred within 24 hours of vaccination and are compatible with oculorespiratory syndrome, as previously reported after TIV. 28 An observational study of infants and toddlers vaccinated with TIV from the provinces of Quebec and British Columbia reported that 6% (18 of 320) and 0.8% (3 of 370) of participants from Quebec and British Columbia, respectively, had at least 1 symptom compatible with oculorespiratory syndrome in the 72 hours after vaccination, which was mainly cough (both prevalent and incident) and reported more often in Quebec. 29 Our study has 3 main limitations. First, it is possible that our results are biased by time-varying effects such as changes in medications used and disease severity. This is particularly relevant for the effect estimate obtained from the sensitivity analysis where individuals are compared with themselves a year before study enrollment. Moreover, there was increased circulation of influenza A/H3N2 in December 2012, which can bias our results. In our cohort, 14% of participants had been vaccinated before November 1 and 80% before December 1, which meant that a variable but significant proportion of our patient-days considered non-at-risk occurred while influenza was circulating. However, because LAIV is more effective than TIV, we expect that our study participants were protected by the time influenza was circulating. None of the patients admitted tested positive for influenza, and no course of antimicrobial agents was initiated during the non-at-risk period. Additionally, our study results may be affected by the "healthy vaccine effect," a form of selection bias in which only subjects who are healthy at the time of vaccination, are vaccinated, leading to a subsequent decrease in risk of adverse outcomes in the immediate period after vaccination. 30, 31 Using the date of scheduled
FIGURE 3
Reported incident wheezing episodes by study day. Note: during the at-risk period, there were 11 episodes of 1-day and 2 episodes of 3-day wheezing. During the non-at-risk period, there were 2 episodes of 9-day wheezing and 1 episode of 7-day wheezing. Reported wheezing at least once during at-risk period. a Percentages may not add to 100% due to rounding. b Seasonal influenza vaccination history not available for 2 study participants. c P value for 2-sided Fisher' s exact test comparing wheezing and no wheezing among corticosteroid takers (inhaled, nasal, or both) during the at-risk period.
vaccination as the index date of exposure can overcome this bias; however, participants were vaccinated through the regular process of care and were thus not allocated an a priori vaccination date. Moreover, although measurement error may be present in primary and secondary outcomes, we relied on hospital records rather than self-reported hospitalizations and respiratory deteriorations to minimize such bias. Finally, the study was not powered to detect significant effects of LAIV on adverse outcome in subgroups (stratified by age and corticosteroid use).
Our study has several integral strengths. First, patients with CF have key timeinvariant characteristics related to prognosis that make interpatient comparabilitydifficult and complicated to control for. Therefore, as children act as their own controls, time-invariant confounders (eg, gender, genetic makeup, overall health) are implicitly controlled for by design, 30, 32 minimizing the risk of residual confounding. 22, 33 Second, there was no loss to follow-up, and almost half of the patient population with CF from these 3 specialized clinics was recruited in the study. More than 70% of children with CF in Quebec are followed in 1 of the 3 CF clinics participating in this study. We are thus confident that our sample is representative of children with CF in the province of Quebec. Third, a sensitivity analysis at a time when children with CF were not vaccinated with LAIV was conducted giving similar results, ensuring that the 4-week control period chosen did not bias our analysis away from the null because the onset of influenza season in 2012-2013 was earlier than usual. Finally, the amount of person-time excluded for respiratory deterioration and intestinal occlusion-related hospitalization is most likely overestimated, thus overestimating the IRR presented.
CONCLUSIONS
Overall, although we identified an increased risk of AEFI after LAIV vaccination, in particular an increase in wheezing, we did not find an increased risk of respiratory deterioration associated with LAIV in our study population. Given the clinically severe impact of influenza infection in a child with CF, as well as LAIV' s improved efficacy over TIV, particularly in young children, the risks associated with infection outweigh the risk of minor respiratory and systemic symptoms associated with the vaccine. The intranasal route of administration could make this vaccine more acceptable to a patient population that needs to be vaccinated yearly, potentially increasing vaccination acceptance and coverage. Because LAIV seems well tolerated in children and adolescents with CF, a population in whom the risk of adverse events after LAIV is the highest, LAIV use in other pediatric populations with chronic conditions (not immunosuppressed) should be further studied. Table 3 : headache, worsening of cough, increased sputum, abdominal pain, muscle aches, nausea, vomiting, eye redness, difficulty breathing and difficulty swallowing. These miscalculations were due to coding errors and were discovered in the course of conducting a secondary analysis using the same data. The major conclusions of the paper remain unchanged and the sub-analyses pertaining to the adverse events following immunization of wheezing and fever are also the same. Furthermore, these corrections do not change any major conclusions reported in this study. The analyses have been re-run and the corrected version of Table 3 Number of participants reporting redness in both eyes: 9 on day 0, 2 on day 1, 1 on each day 3, 4, and 6. Also, 9 participants reported facial swelling on day 0 and 1 on day 3. 
